Abstract. This paper reports on the outcomes of research on the use of anthropometric data by designers of Australian workplaces and products used in Australian workplaces. Australian designers were asked how they used anthropometric data, and about the adequacy of data that were available to them for their needs as designers. In addition to a review of published and grey literature, designers were surveyed and asked for detailed information about their use of anthropometric data and about their needs. Thirty-two completed questionnaires were received. Two focus groups of designers were conducted; 13 people attended in Adelaide and 16 in Melbourne. The data indicated that designers either did not use anthropometric data at all or had difficulty finding data that were reliable and relevant to their specific needs. In response to the findings the Human Factors and Ergonomics Society of Australia developed a Special Interest Group for anthropometry that currently has over 150 members. The Group is actively lobbying government for an Australian Sizing Survey, so this research is an important stimulus to a major policy investment for Australia.
Introduction
This research was sponsored by the Australian Safety and Compensation Council (ASCC) [now called Safe Work Australia] as the primary policy body for work health and safety (WHS) in Australia. [13] The Council recognized the vital importance of the design of products and workplaces to improving WHS. National WHS legislation (due to come into effect in January 2012) places considerable onus on designers to consider WHS in order to prevent workrelated illness and injury and contribute to improved health and safety at work. To achieve this, designers require accurate information to create safe designs, but there is no anthropometric database of the Australian workforce.
Different uses of anthropometric data
There are four main uses of anthropometric data and their end use or purpose determines the suitability and relevance of these data to satisfactorily achieve a useful outcome. The main uses are: 1) biological anthropology (often uses Martin's Technique for data collection), [10] 2) sports science (often uses The International Society for the Advancement of Kinanthropometry (ISAK) methods for data collection), [11] 3) medicine and public health (often uses waist circumference, height, weight and BMI measures as the data collected) [2, 3] and, 4) engineering and design (often uses Civilian American and European Surface Anthropometry Resource (CAESAR) method for data collection).
[4] Each of these forms of anthropometry uses different measurement techniques, and uses the data differently and for different purposes. [7, 8] Thus, not all 'anthropometric data' are suitable for engineering and design purposes.
Engineering and design anthropometry
Engineering and design anthropometry, which is the form considered in this paper, obtains data that are different from the other forms of anthropometry. Biological anthropometry relies on measurements of skeletal remains and amongst other things, tries to project from these data for comment on human evolution. Such data have specific uses, but are not particularly relevant for the design of equipment and workplaces used by the current, living populationeven though this field is broadly labeled 'anthropometry'. For example if designing personal protective equipment (PPE), such as a coverall, then body circumferences are essential in addition to bony lengths. Circumference data needs to be obtained from living people, specifically from the population for which the design is intended. Similarly, collecting fat folds may be useful for studying fitness or performance of an athlete by sports scientists (and this is also considered to be 'anthropometry'), but these data are not applicable to the design of a coverall. Public health data, such as height and weight, are useful in examining population health. While weight is a very rough indication of possible circumference, by itself it is insufficient to define body size and shape where much more precision is needed for design purposes. Data needs to be fit for purpose. This paper examines all sources of anthropometric data in the Australian context but discusses them in terms of their suitability for engineering and design purposes.
Anthropometric data in Australia
There are anthropometric data available in Australia, however much of these data are proprietary or commercial-in-confidence. Of the publicly available data much is out-of-date or of military origin, not civilian population-based, and thus of limited value when applied to civilian populations. The Australian Bureau of Statistics [2, 3] has collected data that are limited to height and weight that, as discussed above, may be useful for public health purposes, but have limited value for designers. In addition these data are self-reported and while there has been a correction using a validation process, there are acknowledged inaccuracies.
There is anecdotal evidence that the Australian population is changing over time, supporting the view that Australians are getting heavier but not much taller. [6, 3] If this is the case, then it must be accounted for in existing and future workplace and product design.
Other nations have conducted sizing surveys in the last 10 years [5] and these data are often available to Australian designers; however, there is no assurance that these data are relevant to the Australian population. There is a clear need for Australia to collect and maintain an engineering anthropometric database for at least the working population.
This paper describes a pilot research project and its findings that has stimulated discussion in Australia about the need for a national sizing survey.
Method
This pilot project aimed to collect information from designers who design Australian workplaces or products for use in Australian workplaces, as well as those people who advise designers or write briefs for them. These included government technical staff and ergonomists who evaluate safe design for workplaces. In addition to a literature review of published and grey literature we used two means of obtaining data: a survey of designers, and focus groups and interviews with designers and those who advise them.
A survey of designers
A survey form was developed based on the earlier work of Ward (2006) . [14, 15] This asked for demographic information about the designer, including qualifications and experience, as well detailed information about their use of anthropometric data. It also sought information about the type of data that designers would like to have available.
Focus groups and interviews
Two focus groups were conducted; one in Melbourne, Victoria and the other in Adelaide, South Australia. Participants were self-selected from an invitation list made up of designers, and advisers to designers. Each of these areas was well represented and the focus groups were conducted using a semistructured format and interview schedule. [13] Telephone interviews using the same interview schedule were conducted with 12 designers or representatives of various OHS regulators who were unable to attend the focus groups.
A pilot study
Sizing Up Australia was a pilot study confined to two states of Australia and could not therefore claim to be representative of all Australian designers. Rather it is likely that the sample was biased towards those designers and users of anthropometric data interested in the area of the research, those likely to have a better knowledge of anthropometrics than generally the case. That is, they may represent the best-case scenario.
Findings

Results of the survey
In all, 32 people responded to the survey (17 men and 15 women); three quarters of the respondents held tertiary qualifications and had worked for more than 10 years in the design industry. Of the respondents 90% reported that they had used anthropometric data in the last twelve months.
The sample size n=32 was too small to reliably group respondents so data were presented in aggregate form and are indicative, rather than representative.
The 32 participants used anthropometric data in the following ways:
to roughly quantify measurements for their design (23), to evaluate user space requirements (21), to validate the design profile (15) , to accurately quantify measurements for the design (12) , to provide a human shape for an illustration (8), for rapid prototyping (5), and for other purposes (3). Respondents rated one-dimensional data (1D) as least useful but admitted that commonly available international 1D data is what they mostly used. They do this because it is available and admitted they questioned its reliability, validity and capacity to represent the current Australian workforce. In the absence of better resources they regarded it as 'better than nothing.' Essentially, most designers used 1D data to determine approximate fit. The other description used by participants was that it was a 'rough guide' to the measurements they would expect in order to affirm what they already believe is logical.
Participants indicated that they would prefer to use three dimensional data (3D) but had little experience with or access to it. They also said they would seek opportunities to learn more, as they feel access to relevant 3D data for their specific design problems would present new and improved problem-solving opportunities.
Results of the focus groups and interviews
Data gathered from interviews and focus groups were combined with the descriptive (free text) questions on the survey to provide a number of useful case studies from designers that gave insight into the research questions. These can be found in the full report. [13] In summary, participants reported there were often discrepancies between anthropometric data available to them and the actual measurements of their user group. To resolve these differences, they tended to take their own measurements (usually on very small samples) and conduct verification trials to produce design solutions. This tended to be done opportunistically with whoever was available at the time, thus educators used their students and employers used their employees as the sample.
Participants in the focus groups identified that they, and the majority of designers they know, either do not use anthropometric data at all, or have difficulty in finding any data that would be relevant and reliable to their specific needs. They frequently rely on 'house models' or even themselves, neither of whom may be representative of the intended user population. Sometimes the selection of a house model is intuited from commercial experience and interpreting sales data. The survey highlighted that the use of anthropometric data by Australian designers is relatively unsophisticated; those who use it at all are likely to depend on easily accessible anthropometric data from Europe and the USA. These data are often old and of questionable relevance to the Australian population. Australian data are often proprietary or commercialin-confidence (both civilian and military data) and are thus not available for general use. Some Standards include anthropometric data, but these are often inadequate for designers or are outdated and so have varying validity.
Towards a national sizing survey
World Engineering Anthropometry Resource (WEAR) [16] with more than 500 members. After the first WEAR meeting, HFESA formed Anthropometry Resource Australia Special Interest Group (ARASIG) [1] in response to the growing interest and concern about the lack of Australian engineering anthropometry. Its aims include the sharing of anthropometric knowledge, making available information including data, tools and techniques, and applications and case studies. By 2011 ARASIG had more than 150 members. In 2009 ARASIG participated in a scoping study for an anthropometric survey in Australia conducted by the National Measurement Institute (NMI). At this stage no NMI report has been made publicly available.
Building on Sizing Up Australia
ARASIG has been lobbying for an Australian sizing survey in line with the recommendations of the Sizing Up Australia research report. [13] Participants in the research observed that that future requirements for anthropometric data of the Australian workforce will need to have different data objectives and parameters than those currently available. In particular, future data will need to be used in a digital environment and designs will need to be suited to a larger range of user sizes than is currently the case, chiefly of those whose body mass is bariatric, i.e., in excess of 120 kg.
Participants commented that they were not confident that the current data set adequately reflects the extremes of the population in Australia, which are often represented by percentiles. In the future, participants may choose not to use percentiles but rather the superior statistical methods such as multivariate case studies that combine the use of appropriate 1D and 3D data. These superior methods require access to individual 1D and 3D data as distinct from aggregated data. In addition the anthropometric data needs to be specifically for design and engineering purposes, as discussed above.
Specific requirements are needed for some subgroups of the Australian population. These include bariatric patients in relation to ambulance and hospital environment, and the disabled. Improved data in these areas could help clarify various design requirements, such as facilitate the implementation of the Australian building code.
Sizing Up Australia identified that designers relied on readily available 1D data sources to tell them about users. In addition, when these data were used they were not always used in a reliable and statistically robust way.
What designers need
Optimally the identified design problems would be avoided by having the correct information to hand during the design and testing phase to enable good design solutions to be prepared in the first place. This can only happen with an up-to-date, relevant, Australian anthropometric database that includes 3D body scans. The database needs to be available at low cost because the design and testing phases are still expensive. A scientific base is needed so designers can verify and fine tune their designs. These data are an investment in the future. They will enable designers to produce safer, better, more thoroughly and scientifically tested well-designed workplaces and products for all Australians.
The development of case studies showing the tools designers could use to incorporate new anthropometric data would assist in the training and dissemination of resources for users. The professional societies, in particular HFESA, ARASIG and WEAR may provide a useful distribution network or conduit for data and tools that could be made available to designers.
Conclusions
The technology for collecting, analyzing and applying anthropometric data to design has changed significantly in the last decade, but these new technologies, despite being perceived by designers as the most useful, have thus far had limited uptake in Australia. The use of computer-aided anthropometry, such as 3D body scans and computer-aided design, has enhanced the accuracy but also increased the complexity of design. The lack of an Australian Sizing Survey represents a major disincentive for designers to design specifically for Australian workplaces with concomitant concerns for health and safety. This is particularly so in the case of safetycritical designs such as personal protective equipment and machinery design for high-reliability organizations.
Lack of reliable and valid anthropometric data for the Australian population, inadequate infrastructure, and limited application of available data put the de-signer in an invidious position. These difficulties are increased when data contained in Standards are conflicting or inaccurate and the Standards are called into legislation, or are a design criterion in contracts. The designer is left with an uncertain level of responsibility; an uncomfortable place to be in an increasingly litigious society.
Anthropometric national sizing surveys of the civilian population including 3D body scan data have been conducted in Japan, France, UK, Netherlands, Canada, Italy, USA, Spain, Taiwan, Korea and Brazil, but not yet Australia. [5] A high quality anthropometric Australian sizing survey, including 3D data, would be a significant infrastructure contribution to Australia. If the raw data were to be freely accessible to the widest possible audience, e.g. designers, applications developers, ergonomists, government etc., this would lead to some very good outcomes for Australia. Clever design-get it right the first timewould save time and money in design solutions and support the building of Australian innovation and research capability. This in turn would support the increased productivity necessary if Australia's manufacturing industry is to compete against low cost global markets. Manufacturing onshore is important in these times of global financial crisis as it's been shown that countries with a strong manufacturing base are faring better. [12] For engineering design purposes high quality Australian anthropometric data would define the size and shape of Australians and represent the diversity of the population (migration, ageing and increased weight). This would not only add sizing, design, simulation, case selection, digital modeling and training capacity for designers to design and innovate for Australian markets, increasing efficiency and gaining competitive advantage, but would also improve the safety of our workplaces.
